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ABSTRACT 

The  performance  of  a  slot  telemetry  antenna  is  analyzed, 
including  the  effects  of  an  inhomogeneous  plasma  sheath  on 
aperture  admittance,  radiation  pattern  distortion,  antenna  win¬ 
dow  absorption,  reflection  and  absorption  losses  of  the  feed 
network,  and  total  antenna  gain.  The  change  in  broadside 
antenna  gain  induced  by  the  reentry  plasma  sheath  is  compared 
with  plane  wave  signal  attenuation  calculations.  Various 
antenna  matching  conations  lt  evaluated  for  free-space  and 
reentry-plasma  conditions. 
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I.  INTRODUCTION 


The  antenna  gain  characteristics  of  a  simple  S-band  telemetry 
antenna  system  radiating  through  an  inhomogeneous  plasma  sheath  have 
been  analyzed.  Aperture  admittance,  radiation  pattern,  signal  attenu¬ 
ation,  matching  network,  and  resulting  antenna  gain  calculations  are 
presented  herein  for  thick  and  thin  plasma  sheath  conditions.  The 
rectangular  aperture  is  assumed  to  be  terminated  in  an  infinite  ground 
plane  and  dielectrically  filled  as  shown  in  Fig.  1.  The  inhomogeneous 
plasma  covering  the  ground  plane  is  approximated  by  a  number  of 
equivalent  slabs. 

The  equivalent  circuit  representing  the  antenna  matching  network 
is  shown  in  Fig.  2.  The  lossy  waveguide  section  approximates  the 
antenna  window;  the  ideal  transformer  and  tuning  reactance  represents 
a  coax-to-waveguide  transition.  The  probe  antenna  is  assumed  to  be  thin 
and  loosely  coupled  to  the  waveguide  cavity.  A  similar  problem  was  con¬ 
sidered  by  Adams  (Ref.  1)  for  free-space  conditions  only.  The  actu.il 
circuit  parameters  required  for  various  tuning  conditions  may  not  be 
realizable  from  a  practical  standpoint;  however,  the  results  illustrate  the 
magnitude  of  the  feeding  network  effects. 


H.  APERTURE  ADMITTANCE 


The  aperture  admittance  was  calculated  for  various  plasma  conditions 
for  the  aperture  configuration  shown  in  Fig.  1.  If  the  reaction  concept 
(Ref.  2)  and  the  dominant  model  approximation  are  used,  the  aperture 
admittance  can  be  written  as 


Y 

-22  = 
f0 


_  ff  [et(».Q)  X  HT(z=oj[ 


Y  V2 
*0V0 


where  Et(z=0)  is  the  tangential  aperture  electric  field,  H^,(z=0)  is  the 
tangential  aperture  magnetic  field,  YQ  is  the  characteristic  admittance  of 
free  space,  and  Vq  is  the  dominant  mode  voltage.  For  the  aperture 
orientation  shown  in  Fig.  1,  the  dominant  mode  aperture  electric  field  ie 

E_(z=0)  =  V,  (2/ab)1^2  cosfry/b)!  i(2 


where  a  is  the  height  of  the  aperture,  b  is  the  aperture  width,  and  a  is 

X 

the  unit  vector  in  the  x  direction.  The  above  integral  can  be  transformed 

by  Parseval's  theorem  to  a  two-dimensional  integral  m  Fourier  transform 

space.  If  the  transform  fields  are  separated  into  TE  and  TM  components, 

z  z 

the  resulting  aperture-admittance  expression  is 
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where  £-p(kx»ky)  is  the  dominant  mode  aperture  electric  field  Fourier 
transform,  is  the  input  TEz  admittance  function,  and  is  the 

input  TMz  admittance  function.  The  aperture  Fourier  transform  for  a 


rectangular  aperture  is 
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where 


u,  =  0.  5  (k  a) 

1  X 

(5a) 

u0  =  0.  5  (k  b  +  tt) 

2  y 

(5b) 

u_  =  0.  5  (k  b  -  tt) 

3  y 

(5c) 

The  TE  and  TM  admittance  functions  for  collisional  plasma  sheaths 
were  evaluated  using  a  multislab  approximation  and  standard  transmission 
line  theory  (Ref.  3). 

th 

The  resulting  input  admittances  to  the  n  slab  are  given  by 
,n-l( 
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where  kn  is  defined  as 
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kn  =  k  (e  -  k^/k^  -  k^/k^)*^ 
z  k0'  n  x/K0  Ky/K0; 
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and  e  is  the  complex  relative  dielectric  constant  of  the  n  n  slab,  l  is 
n  u 

the  thickness  of  the  n  slab,  and  is  the  free  space  wavenumber.  If 
the  radiation  condition  is  imposed,  the  admittances  at  the  outer  plasma 
surface  are 


/y  =  k^/k 
1  TE'  1  0  z'  0 


ytm/yo  *  Vk° 


where  k  is 
z 

k°  *  -  K  =  k0  ‘  kx/k0  -  kVk0>1/2 


The  TE  and  TM  admittances  of  the  aperture  surface  were  evaluated  by- 
starting  at  the  outer  plasma  boundary  and  transforming  the  load  admittances 
given  in  Eqs.  (8)  through  the  N-plasma  slabs  using  Eqs.  (6).  A  more 
detailed  description  of  the  analysis  and  the  numerical  integration  of  Eq»  (3) 
is  given  in  Ref.  3.  A  summary  of  self-  and  mutual-admittance  calculations 
compared  with  plasma  simulation  measurements  is  given  in  Ref.  4.  The 
actual  numerical  results  are  presented  in  Section  V. 

When  the  thin  sheath  approximation  is  valid,  the  aperture  admittance 
can  be  approximated  by  (Refs.  3  and  5) 


Y  =  Y  +  Y 
ap  ap  s 


where  Y  is  the  aperture  admittance  in  free  space,  and  Yg  is  the  equivalent 
plasma  surface  admittance 


Ys  =  jyoVp(peak)/ 


Ng  (z  )dz 


The  electron  density  is  N  (z),  and  the  relative  dielectric  constant  at  the 

© 

peak  electron  density  conditions  in  the  sheath  is  6^(peak). 
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III.  ANTENNA  GAIN 


For  purposes  of  this  discussion  the  antenna  gain  of  a  slot  antenna 
radiating  through  a  plasma  sheath  is  defined  as 

2 

g(0,  0)  =  JLf—0_  ||Ee(r,  9.  0) |2  +  |E.(r,  0.  0)|2}  (12) 

inc  '  v 

where  P-nc  is  the  forward  or  incident  power  to  the  ai.tenna-feed  system, 

Eg  is  the  far  field  theta  component  of  the  electric  field,  and  E0  is  the  far 
field  phi  component  of  the  electric  field.  The  spherical  coordinates  are 
denoted  by  r,  0  ,  and  0.,  It  is  well  known  that  the  far  field  radiation  from 
a  slot  antenna  can  be  related  to  the  Fourier  transform  of  the  aperture  field. 

In  the  case  of  a  plasma  or  dielectric  covered  antenna,  the  far  field  is 
related  to  the  Fourier  transform  of  the  electric  field  at  the  outer  plasma 
surface.  The  far  field  components  are  obtained  using  saddle-point 
integration  techniques,  resulting  in 

2tt  ^kxs,kvs!  £ 

E0(r,  9,  0)  =  j  -7-  cos0  ft - -  y — r  exp(-jk0r)  exp(+jkocos0£.«  )  (13a) 

rK0  UTM'  xs*  ys'  U  U  1  n 

~  €,5(k  *k  )  N 

Ej,(r,  0,  0)  =  -j  -t—  sin0  cos0  p; - -£S  ip  \  exp(-jknr)  exp(+jkn  cos0£  *„)  (13b) 

V  r  0  ^TE  xs’  ys  U  1 

where  Fourier  transform  functions  are  evaluated  at 

k  =  kn  sin0  cos0  (14a) 

XS  v/ 

k  =  kn  sin0  sin0  (14b) 

ys  0 

kn  =  kn(e  -  sin20)1/2  (14c) 
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The  resulting  gain  expression  is 


8k0abY0  I  12 

=  - |vap/vinc|  Pe<9,0> 


(15) 


where  the  radiation  pattern  Pe(0,  0)  is  given  by 


2  fsin  u,  /sin  u-,  sin  u.  \ Y  f  2M  .  2-.  2  n 
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and  the  aperture  voltage,  incident  voltage,  and  characteristic  admittance 

of  the  feed  transmission  line  are  denoted  by  V  ,  V.  ,  and  Y  ,  respectii 

7  ap  me  c  r 

The  functions  Ujg,  u^g,  and  u^s  are  defined  in  Eqs.  (5)  with 


k  =  k  and  k  =  k 
x  xs  y  ys 


ija  =  0.5  (kga  sin9cos0) 

(17a) 

i£g  =  0.  5  (kgb  sin0  sin0  +  n) 

(17b) 

=  0.5  (kgb  sin0  sin0  -  tt) 

(17c) 

The  radiation  pattern  is  normalized  to  unity  at  broadside  (0  =  0)  when  the 
slot  is  radiating  into  free  space. 

The  TE  and  TM  components  of  the  aperture  electric  field  Fourier 

g 

transform  £T(k  ,k  ,  z  =  0)  were  transformed  to  the  outer  plasma  surface 
i  x  y 

by  the  plasma  distortion  functions  and  G^^j,  respectively. 
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The  distortion  functions  are  defined  as 


-  |aTE  •  ax  £t(z  ~  0)j/^TE  *  IT(z 

N 

GTM  =  [aTM  ‘  ax  MZ  =  °^j/j^TM  *  ^t(Z  ^n)J 


where  a—t^  and  a_, ,  are  the  TE  and  TM  mode  unit  vectors 
TE  TM  z  z 

aTTr  =  (a  k  -  a  k  )/ (k2  +  k2)*'  “ 

TE  x  y  y  x  x  y 


(18a) 


(18b) 


=  (a  k  +  a  k  )/ (k2  +  k2)1^2 
TM  '  x  x  y  y  '  x  y 


(19a) 


(19b) 


The  transverse  electric  field  Fourier  transform  at  the  outer  plasma  surface 
-  N  > 

is  denoted  by  ?T(z  =  E  An).  For  the  multislab  approximation  the  distortion 
functions  are 

N 

GTE(6)  =n,  [<=°»<k"s  V  +  Y0^zs >  8in<kzs2 n1]  (20a) 

GTM(8)  “JJj  [  '“On1  +  j(YTM  kL/Y0k0Sn>  8in<k”SV]  (20b) 


The  admittance  functions  are  defined  in  Eqs.  (6). 

For  a  freely  excited  slot  antenna  (Fig.  2b),  the  aperture  voltage  can 
be  expressed  in  terms  of  the  aperture  admittance.  The  resulting  aperture 
gain  is  given  by 


8k0ab  Y0  .  .2 

8ap<M)=  -T-  -  l»  +  Papl 
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where  the  aperture  reflection  coefficient  is 


Y  -  Y 

0  =  -JS - SR. 

pap  Y  +  Y 
v  g  ap 


(22) 


and  the  waveguide  characteristic  admittance  is 


Yg  *  Yo[eg  -  <"/^ob>2] 


1/2 


(23) 


When  the  aperture  is  excited  by  a  feed  network  (Fig.  2a)  the  net 
antenna  gain,  including  feed  absorption  and  input  reflections,  can  be 
expressed  as 

.  i2 


glr(e»0)  = 


8koab  Yo 

"3  Yc 


1 


|i  +  Pjl2  Pe(0.0)  ;  (24) 


yrt.' 


where  the  reflection  coefficient  at  the  input  terminals  of  the  feed  is 


Y  -  Y, 

p  =  _ i 

PF  Y  +  Y 


1 


(25) 


In  Eq.  (25),  Yc  is  the  characteristic  admittance  of  the  input  transmission 
line;  Yj  is  the  input  admittance  to  the  feed,  and  is  determined  from  a  circuit 
analysis  of  the  feed.  In  Eq.  (24)  ^  is  the  voltage  transfer  function  of 

the  feed.  Subscripts  F  and  ap  [Eqs.  (21),  (22),  and  (24 )J  designate  the 
feed  and  aperture,  respectively. 

When  the  plasma  is  in  contact  with  the  ground  plane  and  the  thin  sheath 
limit  is  valid,  the  distortion  functions  are  equal  to  unity.  The  resulting 
radiation  patterns  are  equal  to  the  free  space  patterns,  and  the  antenna 
gain  is  reduced  by  the  reflection  loss  only. 
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rv.  FEED  NETWORK 


The  hypothetical  feed  equivalent  circuit  is  shown  in  Fig.  2a.  The 
aperture  admittance  is  transformed  through  the  heat  shield  to  the  output 
terminals  of  an  ideal  transformer  representing  a  coax-to-waveguide 
transition  by  a  length  of  lossy  waveguide  having  the  same  cross-sectional 
dimensions  of  the  aperture.  The  dielectric  constant  and  cross-sectional 
dimensions  of  the  dielectrically  loaded  waveguide  are  selected  in  such 
a  way  that  only  the  TEq^  mode  propagates.  The  transformer  turn  ratio 
n  and  series  reactance  Xg  are  adjusted  to  obtain  the  desired  antenna 
matching. 

The  admittance  at  the  terminal  plane  of  the  transformer  looking 
toward  the  aperture  is  given  by 


01 


<Y.„/Y01>  (kQ1d)  +  j  sin{k01d) 
cos  (kJ1d)  + j(Yap/Y01)sin(k01d) 


(25) 


where  the  complex  propagation  constant  and  characteristic  admittance  of 
the  TEQ1  waveguide  mode  are  equal  to 


r 

o 

1 1/2 

Yoi  =  Yo  ly*  -j^>- 

r 

p/k0b  r 

Tf 

1 

,1/2 

(26a) 

k01  =k0  [eg{1  ’  j tan6) " 

(n/kQb) 

1 

(26b) 

The  input  admittance  and  aperture  voltage  were  obtained  from  a 
simple  network.  The  results  are  given  by 


Yl  = 


Yn 


1  +  j  Yn2X 


(27a) 
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V.  NUMERICAL  RESULTS 


The  antenna  admittance,  antenna  gain,  input  voltage  standing  wave 
ratio  (VSWR),  and  plane  wave  attenuation  computations  are  presented  for 
various  plasma  conditions  at  S-band  frequencies. 

The  dimensions  of  the  aperture,  dielectric  properties  of  the  window, 
and  length  of  the  waveguide  window  are  given  in  Table  1. 


Table  1.  Physical  Dimensions  of  Waveguide  Window 


Case 

k0a 

k0b 

e 

g 

tan6 

dA 

g 

Z  ,  ohm 
c 

1 

0.  45 

2.  10 

4.  0 

0.01 

0.5 

50 

2 

0.  45 

2.  10 

4.  0 

0.  04 

0.5 

50 

The  physical  dimensions  are  typical  of  proposed  S-band  telemetry  antenna 
systems. 

The  normalized  electron  density  profile  used  in  the  calculations  is 

shown  in  Fig.  3.  The  peak  electron  density  was  varied  from  2.  5  X  10** 

12  -3 

to  7.  2  X  10  cm  .  The  plasma  was  approximated  by  eight  equivalent  slabs 

that  provided  adequate  numerical  accuracy  at  S-band  frequencies.  The 

q 

collision  frequency  was  assumed  to  be  constant  and  equal  to  6  X  10 
collisions  per  second. 

A.  APERTURE  ADMITTANCE 

The  aperture  admittance  calculations  were  obtained  by  numerically  inte¬ 
grating  Eq.  (3).  The  results  are  normalized  to  the  free  admittance  Yq  and  are 
plotted  on  the  Smith  chart  shown  in  Fig.  4.  Thin  sheath  results  using  Eq.  (10) 
are  also  plotted  in  Fig.  4  for  various  equivalent  surface  resistances.  The 
thin  sheath  results  approximate  thin,  highly  overdense,  collision-dominated 
plasma  sheaths  typically  encountered  at  low  altitudes  on  slender  conical 
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vehicles.  The  thin  sheath  results  also  approximate  the  results  obtained  if 
the  antenna  aperture  is  covered  with  a  resistive  cloth,  commonly  called  space 
cloth.  The  numbers  adjacent  to  the  >ight  slab  calculations  (Fig.  4)  denote 
peak  electron  density;  the  numbers  adjacent  to  the  thin  sheath  results  denote 
the  additive  surface  resistance.  Because  of  the  small  size  of  the  aperture, 
the  open-ended  waveguide  aperture  behaves  as  an  open  circuit  in  free  space 
and  as  a  short  circuit  in  the  plasma. 

B.  FREE  EXCITATION  ANTENNA  GAIN 

The  antenna  gain  can  be  calculated  using  Eqs.  (21)  through  (23) 
when  the  aperture  is  waveguide-fed  with  an  isolator  absorbing  the  aperture 
reflections.  The  E-plane  (0  =  0°)  results  are  plotted  in  Fig.  5.  The 
aperture  is  loaded  with  a  dielectric  having  a  dielectric  constant  equal 
to  4.  0  and  tan6  =  0.  The  H-plane  calculations  are  shown  in  Fig.  6.  The 
angle  theta  is  measured  from  the  aperture  normal  or  z-axis  (Fig.  1). 

The  numbers  adjacent  to  the  curves  (Figs.  5  and  6)  denote  the  peak  electron 
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density  conditions  in  units  of  cm  .  The  radiation  pattern  distortions 
induced  by  the  plasma  are  evident  by  comparing  the  free  space  gain 
with  the  corresponding  antenna  gain  calculations  in  the  presence  of  the 
plasma.  However,  the  most  predominant  plasma-antenna  effect  shown 
in  Figs.  5  and  6  is  signal  attenuation. 

C.  FEED  CALCULATIONS 

The  insertion  loss  ratio  of  the  feed  network  is  defined  as 

Insertion  loss  =  P^/P-jq  (29a) 
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where 
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The  insertion  loss  car*  be  reduced  to 
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(30) 


The  above  nomenclature  is  defined  in  Fig.  2.  This  particular  definition 
of  insertion  loss  is  useful  since  the  net  antenna,  including  the  feed,  is 
expressed  as 


gF(e.H=(P2/P20)g,p{M)  (3D 

The  results  of  the  insertion  loss  calculations  are  shown  in  Fig.  7.  The 
antenna-feed  system  was  matched  to  free  space  conditions.  The  results 
for  two  loss  tangent  values  are  presented.  The  reflection  loss  for  the 
same  matching  conditions  are  plotted  in  Fig.  8.  The  reflection  loss 
shown  in  Fig.  8  is  defined  as 

Reflection  loss  =  1  -  jPp|^  (32) 
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Figure  8,  Reflection  Loss  vs  Electron  Density 


-23- 


j+£  pm****'*' 


The  total  antenna-feed  system  degradation  caused  by  the  reentry 
plasma  is  best  illustrated  by  comparing  inhomogeneous  plane  wave 
attenuation  predictions  with  the  change  in  broadside  antenna  gain  induced 
by  the  plasma.  The  change  in  antenna  gain  is  defined  as 

AGain  =  gF(0  =  0)/g^(6  =  0)  (33) 

P 

where  g ^,(8  =  0)  is  the  total  antenna  gain  in  the  plasma  environment  and 
gF(0  =  0)  is  the  free  space  antenna  gain.  The  turn  ratio  and  series  reactance 
were  selected  to  match  the  system  to  a  free  space  environment.  The 
relative  gain  expression  given  in  Eq.  (33)  was  therefore  a  measure  of  the 
telemetry  link  degradation  caused  by  the  plasma  and/or  changing  the 
matching  conditions.  In  Fig.  9  the  plane  wave  attenuation  and  AGain 
calculations  are  shown  as  a  function  of  peak  electron  density.  The  most 
important  effect  to  note  is  the  large  difference  between  the  antenna 
calculations  and  the  commonly  used  plane  wave  calculations.  The  signal 
attenuation  associated  with  the  reflection  and  absorption  losses  in  the 
feed  are  indicated  by  the  difference  between  the  feed  results  and  the  free 
excitation  results. 

The  VSWR  at  the  input  terminals  is 

VSWR  =  (1  +|  PF|)/(1  -|pF|) 

where  the  reflection  coefficient  is  given  in  Eq,  (25).  The  results  of  the 
VSWR  calculations  are  shown  in  Fig.  10,  assuming  the  antenna  is  matched  to 
free  space  conditions.  The  results  indicate  the  absorption  effects  in 
the  window  as  the  loss  tangent  is  increased. 

Since  plane  wave  analyses  are  commonly  used  to  predict  signal 
attenuation  in  telemetry  link  margin  computations,  the  difference  between 
the  plane  wave  attenuation  and  relative  gain  calculations  shown  in  Fig.  9 
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is  plotted  in  Fig.  11.  The  plane  wave  error  is  defined  as 

Error  =  tt*/AGain 

where  tt*  is  the  plane  wave  transmission  coefficient.  These  results 
indicate  that  the  plane  wave  predictions  can  underestimate  signal 
attenuation  by  at  least  5  to  15  dB.  The  plane  wave  analysis  does  not 
properly  approximate  the  absorption  and  reflection  losses  of  the  feed 
and  surface  wave  effects  i"  the  plasma. 

The  thin  sheath  result'-  are  plotted  in  Figs.  12  and  13.  In  these 
cases  the  aperture  admittance  was  calculated  using  the  asymptotic 
expression  shown  in  Eqs.  (10)  and  (11).  The  equivalent  surface 
susceptance  was  assumed  to  be  zero  and  the  conductance  varied  from 
0.  001  mho  to  0.  1  mho.  The  results  are  applicable  for  low-altitude 
turbulent  plasma  sheaths  surrounding  slender  conical  vehicles. 

D.  ABSORPTION  EFFECTS  IN  THE  WAVEGUIDE 

ANTENNA  WINDOW 

The  decrease  in  anienna  gain  caused  by  increased  window 
absorption  due  to  temperature  effects  was  obtained  by  parametrically 
varying  the  loss  tangent  of  the  waveguide  window  from  0.  01  to  0.  16, 
keeping  the  turn  ratio  and  series  reactance  fixed.  The  feed  network 
was  matched  to  free  space  conditions  with  a  loss  tangent  of  0.  01. 
Figure  14  shows  the  decrease  in  antenna  gain  for  various  plasma 
conditions.  In  addition  to  increased  absorption,  the  reflection  loss 
decreases  as  the  window  losses  increase  (Fig.  15).  The  decrease  in 
reflection  losses  from  window  absorption  ultimately  limits  antenna 
matching  techniques  in  a  reentry  environment. 
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Figure  12.  Thin  Sheath  Limit  for  Change  in  Antenna  Gain  with 
Aperture  Matched  to  Free  Space 
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Figure  14.  Reduction  in  Antenna  Gain  Caused  by  Window  Absorption 
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E.  MATCHING  TO  A  PLASMA  ENVIRONMENT 

The  antenna  feed  performance  under  various  matching  conditions 

is  shown  in  Figs.  16  through  17,  assuming  a  loss  tangent  of  0.  004. 

The  calculations  were  performed  with  the  antenna  matched  to  free  space 

11  -3 

conditions,  a  waveguide  load,  and  Ng(peak)  =5X10  cm  .  The  turn 

ratio  and  series  reactance  were  determined,  in  matching  the  coax-to- 

waveguide  transition  to  a  nonreflecting  waveguide  load,  by  substituting 

Y  =  YQ1  into  Eqs.  (28).  The  turn  ratio  and  series  reactance  required 

to  match  the  slot  antenna  to  various  conditions  are  tabulated  in  Table  2. 

The  input  admittance  results  are  plotted  in  Fig.  16.  The  resulting 

AGain  calculations  are  shown  in  Fig.  17,  and  the  corresponding  VSWR 

results  are  plotted  in  Fig.  18.  When  the  antenna  was  matched  to 
11  -3 

N  (peak)  =  9  x  10  cm  ,  the  antenna  gain  in  free  space  decreased  by 

e  11-3 

5.  8  dB,  while  the  gain  at  the  9  X  10  cm  electron  density  increased 

by  5.  8  dE.  As  the  waveguide  window  absorption  loss  increased,  the 

gain  improvement  decreased.  The  potential  gain  improvement  resulting 
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from  the  match  at  the  9.  0  x  10  cm  electron  density  was  10.  7  dB  for 
a  waveguide  window  loss  tangent  of  0.  01.  When  the  loss  tangent  was 
increased  to  0.  04  the  potential  gain  improvement  was  decreased  to  5.  8  dB. 


Table  2.  Matching  Conditions 


Antenna  Matched  to 

tan6 

Turn  Ratio 

X  /Z 
s  c 

Z  ,  ohm 
c 

Free  space 

0.  01 

4.  22 

-1.54 

50 

Free  space 

0.  04 

4.29 

-0.  729 

50 

Waveguide  load 

0.  01 

2.  38 

-0.  0113 

50 

Waveguide  load 

-i* 

o 

o 

2.38 

-0. 0453 

50 

1 1  -3 

9  X  10  cm  J 

0.  01 

1.  07 

-2.  72 

50 
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9  X  10  cm  3 

0,  04 

1.37 

-1.59 

50 
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•  MATCHED  TC  Y0) 

(1)  Ne  =  2.25  x  I011  cm*3 

A  MATCHED  TO  FREE  SPACE 

(2)  Ne  =  4.50 x  I011  cm‘3 

0  MATCHED  TO  Ne  =  9  xl0"cm-3 

(3)  Ne  =9.00x10"  cm *3 

FREQUENCY  =  2.256  GHz 

(4)  Ne  =  1.80  x  lOl2cm-3 

k0  a:0.45 

(5)  Ne  =  3.60xl0l2crrr3 

k0b  =  2  10 

'(6)  N£  =  7  20xl0l2cm-3 

€g  =4.0 

TAN  8  =0.04 

d  =  0.5  Xq| 

Figure  16.  Input  Admittance  for  Various  Matching  Conditions 
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Ne (PEAK), cm"3  x  I011 


Figure  17.  Change  in  Antenna  Gain  for  Various  Matching  Conditions 


Figure  18.  Input  VSWR  for  Various  Matching  Conditions 
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VI.  CONCLUSIONS 


Antenna  gain  calculations,,  including  absorption  and  reflection 
losses  of  the  feed  network  are  useful  in  estimating  plasma-induced 
signal  attenuation.  Plane  wave  calculations  underestimate  ..'ignal 
attenuation  by  3  to  15  dB  at  S-band  frequencies.  As  the  antem.a 
aperture  increases  in  size,  the  difference  between  antenna  gain  calcu¬ 
lations  and  olane  wave  predictions  decreases.  When  reflection  losses 
can  be  neglected  in  both  the  plane  wave  and  antenna  gain  calculations, 
the  attenuation  results  of  both  analyses  are  the  same,  provided  the 
antenna  absorption  losses  are  zero. 

The  antenna  gain  in  a  plasma  can  be  improved  by  matching  the 
antenna  to  peak  plasma  conditions,  but  at  the  expense  of  the  free  space 
gain  if  preset  matching  is  used.  As  the  losses  from  window  absorption 
losses  increase,  the  amount  of  gain  improvement  obtainable  by 
matching  decreases.  Matching  the  coax-to-waveguide  transition  to 
the  characteristic  admittance  of  the  waveguide  window  provides  antenna 
matching  midway  between  ti.e  open-circuit  conditions  of  free  space  and 
short-circuit  conditions  of  reentry. 
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